Abstract A facile and highly efficient one-pot three-component synthesis of 1-H-2-substituted benzimidazole derivatives from readily available substrates catalyzed by copper-doped silica cuprous sulfate (CDSCS) is described. In this method, treatment of diverse 2-bromoanilines, aldehydes, and [bmim]N 3 in DMF at 110°C in the presence of CDSCS as a highly efficient heterogeneous nano-catalyst affords the corresponding 1-H-2-substituted benzimidazoles in good to excellent yields. The CDSCS is an inexpensive and stable nano-catalyst that could be simply prepared, recovered and reused for many consecutive reaction runs without significant loss of its activity. 
Introduction
N-Heterocyclic compounds are widely found in natural and synthetic products exhibiting various applications in different areas of science especially in medicinal, chemistry, and material sciences. Among them, benzimidazole is a valuable scaffold present in a plenty of biological active compounds with a broad range of activities [1] . Benzimidazole is found in the structure of many naturally occurring compounds like vitamin B 12 and its derivatives. In addition, it has a close structural similarity with purine nucleobases in DNA and RNA. Due to this structural resemblance, benzimidazole can be easily recognized by various biological systems like enzymes and receptors. Thus, benzimidazole core is a privileged structure in pharmaceutical industry and can be found in a plenty of commercial drugs with a wide spectrum of activities [1] . Among different benzimidazole derivatives, 1-H-2-substituted benzimidazole moiety is a key structural motif found in numerous well-known drugs such as omeprazole and pantoprazole as antiulcer, albendazole, mebendazole, thiabendazole, flutrima-zole, and oxfendazole as anthelmintic, mibefradil and pimobendan as antihypertensive as well as diamidine and enviroxime as antiviral drugs [1] . In addition, they have been employed as important intermediates in organic reactions [2] , ligands for asymmetric catalysis [3] , and structural subunits of functional materials [4] .
Given the significance of 1-H-2-substituted benzimidazole derivatives in drug discovery, considerable research interests have been devoted toward developing practical and efficient synthetic procedures to access structurally diverse 1-H-2-substituted benzimidazole derivatives [5] . Traditionally, two general methods have been extensively employed to construct these compounds including condensation of 1,2-diaminoarenes with carboxylic acid derivatives under dehydrating conditions [5] or aldehydes under oxidative conditions [5] [6] [7] . Although most of these procedure are indeed practical and useful, drawbacks still remain like the limited substrate scope, the use of expensive reagents, complicated experimental procedures, harsh reaction conditions, and low yields of the desired product due to the formation of by-products (i.e.: 1,2-disubstituted benzimidazoles and 1,2-disubstituted benzimidazolines). To overcome these drawbacks, metal-catalyzed CAH functionalization/cyclization processes on N-arylated precursors have been developed [8] [9] [10] . Furthermore, the metal-catalyzed CAN cross-coupling reactions have been employed for synthesis of 1-H-2-substituted benzimidazoles. In this regard, o-haloanilines, o-haloaryl-amidines, and ohaloacetanilides have been applied as starting materials [11] [12] [13] [14] [15] . However, the use of excess oxidative reagents, high temperature, the requirement of additives, and multi-step processes for preparation of starting materials restrict the applicability and generality of these procedures. Hence, the search for a simple, efficient, and practical synthetic strategy with suitable generality is still of great demand.
In recent decades, the multi-component reactions (MCRs) have gained increasingly remarkable interest in organic and medicinal chemistry [16] . MCRs are well-known as a useful strategy from both economical and environmental points of view which provides simple and rapid access to abundant complex structures from readily available starting materials. MCRs are accompanied by many benefits like ease of operation, quantitative yields, and minimization of the chemical wastes. In addition, these reactions are straightforward which achieved in a single step without the isolation of intermediates. In the light of outstanding benefits of MCRs, Lee and coworkers reported the three-component synthesis of 1-H-2-substituted benzimidazoles from 2-haloanilines, aldehydes, and sodium azide catalyzed by CuCl in the presence of TMEDA as the ligand [17] . Recently, Punniyamurthy and coworkers reported three-component Cu(OAc) 2 -catalyzed oxidative cross-coupling of anilines, primary alkyl amines, and sodium azide using TBHP in the presence of AcOH as the additive to attain 2-substituted benzimidazoles [18] .
Nowadays, it is well-established that the elaboration of heterogeneous catalysts has superiority over homogeneous catalyst due to both economic and environmental concerns. The use of heterogeneous catalysts affords many advantages such as the recovery and reusability of the catalyst, production of large quantities of products using a small amount of catalyst, mild reaction conditions, and simple experimental procedures [19] . Although the two three-component protocols described above can be efficiently provided the desired 1-H-2-substituted benzimidazole derivatives, the use of nonrecoverable and nonreusable catalysts remains still as drawbacks. Hence, the exploiting of efficient and appropriate heterogeneous catalytic systems for promotion of such a three-component reaction would be a highly attractive strategy. To the best of our knowledge, there is no report yet for synthesis of 1-H-2-substituted benzimidazoles via the heterogeneous catalyst using this protocol.
Among the different materials used as solid supports for preparation of heterogeneous catalysts, silica gel is an ideal candidate due to high surface area, environmental compatibility, cheapness, thermal and chemical stability. Additionally, silica-based catalysts offer mild reaction conditions, ease of handling and preparation, non-corrosive properties, high yields and selectivities. Previously, we have reported the synthesis and application of copper-doped silica cuprous sulfate (CDSCS) as a highly efficient heterogeneous nano-catalyst in several organic transformations [20] [21] [22] [23] . Inspired by the high biological profile of 2-substituted benzimidazole derivatives and in continuation of our long-standing interest on application of CDSCS in organic synthesis, we would like to report a straightforward and facile synthesis of structurally diverse 1-H-2-substituted benzimidazoles via one-pot threecomponent reaction of diverse 2-bromoanilines, aldehydes, and [bmim]N 3 as a green source of azide in DMF at 110°C in the presence of CDSCS as a highly efficient heterogeneous nano-catalyst (Scheme 1).
Experimental

General
All chemical reagents were purchased from Fluka, Merck or Sigma-Aldrich. CDSCS [21] and [bmim]N 3 [24] were prepared due to the established procedures. Solvents were purified by standard procedures, and stored over 3 Å molecular sieves. Reactions were followed by TLC using SILG/UV 254 silicagel plates. Column chromatography was performed on silica gel 60 (0.063-0.200 mm, 70-230 mesh; ASTM). Melting points were measured using Electrothermal IA 9000 melting point apparatus in open capillary tubes and are uncorrected. IR spectra were obtained using a Shimadzu FT-IR-8300 spectrophotometer.
1 H-and 13 C-NMR spectra were recorded on Bru¨ker Avance-DPX-250/400 spectrometer operating at 250/62.5 MHz, respectively. Chemical shifts are given in d relative to tetramethylsilane (TMS) as an internal standard, coupling constants J are given in Hz. Scheme 1 Three-component synthesis of 1-H-2-substituted benzimidazoles using CDSCS. m = multiplet, and br = broad. GC/MS was performed on a Shimadzu GC/MS-QP 1000-EX apparatus (m/z; rel.%). Elemental analyses were performed on a Perkin-Elmer 240-B micro-analyzer.
Synthesis of 1-H-2-substituted benzimidazoles using CDSCS
To a round bottom flask (50 mL) was added a mixture of an appropriate 2-bromoaniline derivative (12 mmol), aldehyde (10 mmol), [bmim]N 3 (15 mmol), and CDSCS (0.3 g, 0.05 mol%) in DMF (10 mL) and the mixture was heated at 110°C. After completion of the reaction as indicated by TLC monitoring (Table 2 ), the reaction mixture was cooled to room temperature. Then, the catalyst was separated using a sintered-glass funnel and washed with hot EtOAc (2 Â 10 mL). The filtrate was then mixed with water (100 mL). The separated organic layer was washed with water (2 Â 100 mL). Afterward, the organic layer was dried over Na 2 SO 4 and evaporated to afford the crude product which was purified by column chromatography on silica gel eluting with a mixture of n-hexane/EtOAc. 
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[d]imidazol-2-yl)-N,N- dimethylbenzenamine (4c)of 1-H-2-substituted benzimidazoles110.9; MS (EI) m/z (%): 184 (13.6) (M + ); Anal. calcd for C
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Recycling the catalyst
After completion of the reaction, the catalyst was vacuumfiltered from the reaction mixture using a sintered glass funnel followed by successive washing with hot EtOAc (2 Â 10 mL). The catalyst was then kept in a vacuum oven at 100°C for 30 min and stored in sealed vessel at refrigerator.
Results and discussion
To achieve efficient three-component synthesis of 1-H-2-substituted benzimidazoles, the first step was begun with finding out the optimized reaction condition (Table 1) . Initially, the reaction of 2-bromoaniline, benzaldehyde, and [bmim]N 3 in the presence of CDSCS was selected as a sample reaction to afford the corresponding 2-phenyl-1H-benzo[d]imidazole (4a). Our preliminary effort was focused on performing the reaction under solvent-free conditions. However, no reaction was achieved even after 12 h (Table 1, entry 1) . Since the solvent has undeniable role for progress of the reaction, we then focused our attempts for examining the effect of different polar and nonpolar solvents on the sample reaction ( Table 1, entries 2-11). According to the data in Table 1 , using H 2 O and EtOH was inefficient for progress of the sample reaction (Table 1 , entries 2 and 3). When THF and toluene were applied, no product was formed even after extending the reaction time up to 24 h (Table 1 , entries 4 and 5). In addition, the use of MeCN, EtOAc, and CHCl 3 led to low yields of 4a (Table 1 , entries 6-8). However, undertaking the reaction in NMP and DMSO gained 4a in 72% and 86%, respectively (Table 1, entries 9 and 10). To our delight, higher yield of 4a in shorter reaction time was acquired when the sample reaction was carried out in DMF (Table 1 , entry 11). Thus, DMF was found to be the best solvent for efficient progress of three-component reaction of 2-bromoaniline, benzaldehyde, and [bmim]N 3 .
The reaction temperature is another important factor that affects the reaction time and yield. Therefore, our further challenge was the identification of the best reaction temperature. To this end, the sample reaction was performed at different temperatures (Table 1, entries [11] [12] [13] [14] [15] [16] [17] . As shown in Table 1 , when the reaction was achieved at room temperature only trace amount of 4a was obtained after 24 h (Table 1, entry 12). Practically, increasing the reaction temperature led to the acceleration of sample reaction and the higher yield of 4a (Table 1, entries 13-15 ). The best result was attained when the present protocol was conducted at 110°C (Table 1, entry  11) . As the results in Table 1 demonstrate, further increase in the reaction temperature from 110°C up to 130°C gave no improvement on performance of sample reaction (Table 1,  entries 16 and 17) .
In another complementary experiment, the influence of catalyst loading was studied on the progress of the reaction (Table 1, entries 11 and 18-23) . As shown in Table 1 , when sample reaction was performed in the absence of catalyst, no product was observed (Table 1, entry 18) . Thus, the sample reaction was accomplished using different amounts of CDSCS. The obtained results show that the higher yield of 2-phenyl-1H-benzo[d]imidazole in short reaction time was obtained when the sample reaction was carried out in the presence of 0.05 mol% CDSCS (Table 1, entry 11) . Using lower amounts of CDSCS also afforded reasonable yields of the desired product 4a; however, longer reaction times were required for completion of the sample reaction (Table 1 , entries [19] [20] [21] . Further rising in catalyst loading from 0.05 mol% to 0.07 mol% no upgrading in the reaction efficiency was observed (Table 1,  entries 23 and 24) . Accordingly, all subsequent reactions were accomplished using 0.05 mol% of CDSCS.
To evaluate the catalytic potency of CDSCS, the threecomponent reaction of 2-bromoaniline, benzaldehyde, and [bmim]N 3 was explored using several copper catalysts under the optimized condition (Table 1 , entries 11 and 24-27). As it is clear from Table 1 , the best result was attained when the present protocol was achieved in the presence of CDSCS which led to 4a in 91% yield after 6 h ( Table 1, (Table 1 , entries 25 and 27). The use of CuI, Cu(OAc) 2 , CuCl and CuCl 2 resulted in 67-72% of the corresponding product after 14 h (Table 1, entries 24 , 26, 28, and 29). Based on these results, it can be concluded that the oxidation state of copper has no distinguishable effect. The satisfactory outcome attained by CDSCS can be attributed to the presence of large surface area, chemical and thermal stability of CDSCS under the optimized reaction conditions. In addition, other metal catalysts such as Pd(OAc) 2 , FeBr 2 , and Ni(OAc) 2 were ineffective for progress of the reaction (Table 1, entries 30-32) .
In other experiment, we also screened the effect of 2-iodoaniline and 2-chloroaniline instead of 2-bromoaniline under the optimized reaction conditions. Using 2-iodoaniline as the starting material, 93% yield of 4a was obtained. However, the use of 2-chloroaniline afforded 4a in 26% yield after 18 h. When the reaction was conducted at reflux condition, the production of 4a was observed in 78% yield after 10 h (Scheme 2). Scheme 2 Synthesis of 4a from 2-iodoaniline and/or 2-chloroaniline.
Synthesis of 1-H-2-substituted benzimidazoles
With optimized reaction conditions in hand, we then explored the general applicability and versatility of the present protocol in three-component reaction of structurally diverse 2-bromoanilines, aldehydes, and [bmim]N 3 in the presence of CDSCS ( Table 2) . As it is clear from Table 2 , CDSCS proved to be an appropriate nano-catalyst that efficiently catalyzes the three-component synthesis of 1-H-2-substituted benzimidazoles. As shown in Table 2 , the chemistry works well with various functional groups on both 2-bromoaniline and aldehyde derivatives. Different aromatic aldehydes bearing electronrich and electron-deficient substituents were successfully applied in current approach. The reaction of aromatic aldehydes with 4-OMe, 4-NMe 2 , 3-Me, and 4-OCH 2 CH 2 Ph groups afforded 4b, 4c, 4f, and 4o in excellent yields (Table 2 , entries 2, 3, 6, and 15). Benzaldehydes with electron-deficient groups like 4-chloro and 4-nitro afforded 4d and 4e in 83% and 76% yields, respectively ( Table 2 , entries 4 and 5). The reaction of ortho-substituted benzaldehydes smoothly proceeded to produce 4h and 4p in good yields ( Table 2 , entries 8 and 16). Additionally, anthracene-9-carbaldehyde proved to be a good substrate for this reaction which afforded 4g in 74% yield ( Table 2 , entry 7). The scope of this protocol was also expanded to other heteroaromatic aldehydes. In this connection, furan-2-carbaldehyde, thiophene-2-carbaldehyde, and thiazole-4-carbaldehyde were applied and their reactions efficiently proceeded to give the desired products 4i, 4j, and 4q in excellent yields (Table 2 , entries 9, 10 and 17). We then explored the feasibility of the optimized reaction conditions with aliphatic aldehydes. In this regard, isobutyraldehyde smoothly reacted with 2-bromoaniline to afford the corresponding benzimidzole 4k in 72% yield (Table 2, entry 11). Moreover, this strategy is efficient for diverse 2-bromoaniline derivatives. As it is clear from Table 2 , 2-bromoanilines bearing methyl, ester, and chloride groups were effectively converted to their corresponding products 4l-4n in reasonable yields ( Table 2 , entries [12] [13] [14] .
We further explored the feasibility of the present protocol on a large scale synthesis. To this end, the three-component reaction of 2-bromoaniline, benzaldehyde, and [bmim]N 3 was carried out on a 50 mmol scale under the optimized reaction conditions which resulted in 2-phenyl-1H-benzo[d]imidazole in 88% yield (Scheme 3).
To prove the reusability and heterogeneous nature of CDSCS, after completion of the sample reaction, the catalyst was filtered through a sintered glass funnel and washed successively with hot EtOAc (2 Â 10 mL). The catalyst was then dried in a vacuum oven at 100°C for 30 min and reused directly in the subsequent reaction without further purification while no fresh catalyst was added. The chemical and thermal stability as well as the ease of recovery of CDSCS allows it to be a recyclable and reusable catalyst which can be successfully employed for at least 6 reaction runs ( Table 3) . As shown in Table 3 , 4a was obtained in 87% yield in the 6th run. According to the ICP analysis, the amount of leached copper from CDSCS is 0.01% after six consecutive runs which is extremely negligible. As the results in Table 3 indicate, further recycling of CDSCS considerably diminished the reaction rate (Table 3 , entries 7-10). Accordingly, 4a was obtained in 80% yield after 12 h in the 10th run (Table 3 , entry 10). b Isolated yield. c Yields in parentheses are corresponding to the isolated yields when 2-iodoaniline was used instead of 2-bromoaniline.
Conclusions
In summary, we have described a straightforward, simple, and mild process for synthesis of 1-H-2-substituted benzimidazoles via one-pot three-component reaction of various 2-bromoanilines, aldehydes, and [bmim]N 3 in DMF at 110°C in the presence of CDSCS as a highly efficient heterogeneous catalyst. In this protocol, diverse 2-bromoanilines and aldehydes were efficiently converted to the desired 1-H-2-substituted benzimidazole derivatives in good to excellent yields. The use of cheap and reusable heterogeneous catalyst, the use of [bmim]N 3 as a green source of azide, and the applicability of the method in large scale synthesis make this process as an attractive protocol for synthesis of structurally diverse benzimidazole derivatives.
